Abstract
Introduction
Injuries on the world's roads kill more than 1.25 million people annually and are the leading cause of death for 15-29-year-olds [1] . This epidemic prompted the World Health Organization to launch the Decade of Action for Road Safety 2011-2020, and in April 2016, the United Nations General Assembly adopted Sustainable Development Goals targeting reducing road injuries by 50% by 2020.
In Canada, transport injuries represent a major economic burden, costing $4.289 billion in direct and indirect costs in 2010 [2] . These costs resulted, in part, from the death of 2,620 Canadians and hospitalization of 28, 350 . Transport incidents include those involving a variety of means of transportation, such as cars, motorcycles, trucks, buses, boats, airplanes, all-terrain vehicles, bicycles and walking; with collisions involving bicycles, pedestrians, and cars being the most common cause of transport-related injuries, accounting for 50% of total incidents [2] . British Columbia's (BC) age and sex standardized transport death rate is higher than the Canadian average (7.7 versus 7.2 per 100,000, respectively) [2] . In 2010, transport-related injuries represented an economic burden of $658 million for BC, and were the most expensive to treat of all leading causes of injury, with each hospitalization costing an average of $22,393 [3] .
Canadian and international research has identified that some populations are at greater risk of transport injuries than others, particularly young adult males, rural populations, and Aboriginal populations [1, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Canada's Aboriginal populations, includes First Nations, Inuit and Métis peoples. In previous research, we highlighted disparities in injury rates between Aboriginal and non-Aboriginal populations in BC, including those related to unintentional transport incidents [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Understanding causal pathways for these disparities is necessary in order to identify potential risk factors that enable public health and policy efforts to tackle them.
In this report, we examine injury rate differences for hospitalizations related to unintentional transport injuries among the total population of BC compared to Aboriginal populations living on-and off-reserve, differences in rates by gender, age and metropolitan or nonmetropolitan geography, as well as time trends. Furthermore, we test the hypothesis that disparities of risk between Aboriginal and total populations and between Aboriginal populations living on-and off-reserve are attributable to socioeconomic status, geographic place (urbanrural continuum), and Aboriginal ethnicity.
Methods

Ethics review and permission for data access
The University of British Columbia Behavioural Research Ethics Board reviewed our methods (BREB file H06-80585). Data Stewards representing the BC Ministry of Health and the BC Vital Statistics Agency approved the data access requests. We used existing databases, permanently linked by British Columbia Personal Health Number, maintained by Population Data BC [27] [28] [29] [30] . These data are available on request, from Population Data BC (https://www. popdata.bc.ca/data, contact: Kelly Sanderson, Researcher Liaison Unit Lead, e-mail: kelly.sanderson@popdata.bc.ca; specifications in project file subject to approval by the Data Stewards representing the British Columbia Ministry of Health Services, and the Vital Statistics Agency of British Columbia, for ethical and privacy reasons, because the data pertain to individuals. The data may be accessed and statistically analysed only on Population Data BC's Secure Research Environment cloud server. Disclaimer: All inferences, opinions, and conclusions drawn in this report are those of the authors, and do not reflect the opinions or policies of the Data Stewards.
Population counts
This study used methods described in previous publications [17] [18] [19] [21] [22] [23] [24] [25] [26] . We used the registration and premium billing files [27] of the province's universal health care insurance program as a population registry. We identified "Aboriginal" persons by insurance premium group and notations on linked Vital Statistics birth records [29] and death records [28] . We used postal code of residence to classify Aboriginal people as residing "on-reserve" or "offreserve", and to assign people to Health Service Delivery Areas (HSDAs) [31] . We classified HSDAs within Vancouver and Victoria (the two largest Census Metropolitan Areas in BC) as "metropolitan" and all other HSDAs as "not metropolitan"
Hospitalization counts
We tabulated hospital separations [30] among residents of BC, occurring from April 1, 1991 through March 31, 2010. We considered a hospitalization as "due to injury" if the level of care was "acute" or "rehabilitation", and the Most Responsible Diagnosis on the discharge record was an International Classification of Diseases Revision 9 ("ICD-9") numeric code in the range 800 through 999, or an International Classification of Diseases Revision 10 ("ICD-10") code in the range S00 through T98. We considered an injury as "unintentional (and due to) transportation" if the first occurrence of the supplemental injury diagnosis code (indicating intention and external cause) was an ICD-9 E-code in the ranges E800-E807, E810-E829, E831, E833-E838, or E840-E848, or an ICD-10 code in the ranges V01-V89, V91, or V93-V99. Captured within these codes are injuries to pedestrians, cyclists, occupants in all motorized vehicles (motorcycles, cars, trucks, buses), off-road (e.g., all-terrain vehicles), boats and airplanes.
Incidence rates of hospitalization
As in previously reported analyses [17] [18] [19] [21] [22] [23] [24] [25] [26] , we calculated crude rate and Standardized Relative Risk (SRR) of hospitalization (relative to the total population of BC during the same time period) using the indirect method of standardization [32] . We standardized by gender, 5-year age group and HSDA when comparing population groups, but standardized by gender and 5-year age group when comparing HSDAs. The SRR could also be called the Standardized Incidence Ratio.
Predictors of risk
We studied risk markers for hospitalization due to injury, using an ecological approach, where the unit of observation was the HSDA (n = 16) subdivided into three population groups (total population, Aboriginal off-reserve, and Aboriginal on-reserve) and two time periods (1999-2003, and 2004-2008) . As hypothesized risk markers, we selected socio-economic, housing, and geographic indicators previously developed by Statistics Canada and Aboriginal Affairs and Northern Development Canada. We previously published definitions and reasons for selection of the markers [18, 21, [23] [24] [25] [26] . The descriptive profiles of these variables relating to the three population groups have been previously published [18, 24, 26] .
The effects of socioeconomic and geographic risk markers might not be the same for Aboriginal people as for the general population. Therefore, we created ethnicity interaction variables, calculated as each of the socioeconomic or geographic risk markers multiplied by the proportion of the population who were Aboriginal (0 Aboriginal 1).
Ecological analysis
For each HSDA sub-population, we calculated the age and gender standardized SRR of hospitalization due to unintentional transportation injury during the We tested census year, hypothesized socio-economic, work-related, geographic, and ethnicity markers, and interaction terms in turn as the single independent variable, then we used stepwise forwards selection of variables to arrive at the best-fitting multivariable model. In the final model, we tested the normality of the distribution of the standardized residuals by the Shapiro-Wilk statistic, and we verified homoscedasticity by scatter-plotting the standardized residuals against the regression-predicted values of LnSRR.
To verify that the step-wise regression procedure (weighted by population) had produced a model representative of the experience of the total population of BC and the two much smaller Aboriginal populations as well, we used the final regression model as a risk prediction calculator, comparing the predicted to the observed disparities of injury SRR among the three population groups.
Results
Aboriginal status and reserve residence
The crude rates and SRRs of hospitalization for unintentional transport injuries from 1991-2010 for BC's total population (i.e., the reference population), Aboriginal population, and the Aboriginal population residing on-or off-reserve can be seen in Table 1 . The Aboriginal population has higher crude rates than the total population, with those living on reserve experiencing the highest risk, with a SRR double that of BC's total population. Table 2 and Fig 1 show HSDA differences in crude rates and age and gender-standardized SRRs for hospitalizations resulting from unintentional transport injuries in BC from 1991-2010, for BC's total Population and Aboriginal population. The anomalously low SRR in the large but thinly populated mainland coastal area north of Vancouver Island is an artifact that appears because this area is counted as part of metropolitan HSDA 33. These data indicate that populations living in metropolitan HSDAs, regardless of ethnicity, experienced lower crude rates and SRRs. Populations living in non-metropolitan HSDAs had a SRR 1.96 times greater than those living in metropolitan HSDAs (1.43 vs. 0.73). Overall, Aboriginal populations experienced higher SRRs than the total population, regardless of the HSDA they resided in and whether it was metropolitan or not. The disparity in injury rates between Aboriginal populations residing in metropolitan and non-metropolitan areas was evident (SRR 1.57 times higher for the latter group, i.e., 2.71 vs 1.73), but not as pronounced as in the total population. Table 3 shows the crude rates and age, gender and HSDA-standardized SRRs for hospitalizations resulting from unintentional transport injuries in BC from 1991-2010, for females and males within specific age categories, for BC's total Population and Aboriginal population. Regardless of age or ethnicity, males had higher rates than females, with the highest rates occurring among 20-29-year-old males in the total and Aboriginal population. Among females, the highest rates were evident for 10-19-year-olds in the total population, and 20-29-year-olds in the Aboriginal population. Aboriginal populations showed higher rates of hospitalization resulting from unintentional transport injuries regardless of age or gender, compared to the total population of BC. Larger SRRs were evident for Aboriginal females than for males, indicating greater disparities with the total population. The largest disparity was among Aboriginal females aged 30-39 years, with a SRR 2.76 times that of their counterparts in the total population. Among males, the highest SRRs were evident among 50-59 and 70-79-year-olds.
HSDAs and urban residence
Age and gender
Changes over time
Annual crude rates and age, gender and HSDA standardized SRRs of hospitalizations resulting from unintentional transport injuries, during the period 1991-2010, among BC's total and Aboriginal populations can be seen in Table 4 . The reference population is the total population of BC over all the years (1991-2010). Crude rates of unintentional transport injury decreased across time, regardless of ethnicity. While the Aboriginal population experienced higher crude rates and SRRs than the total population every year, disparities decreased over time. In 2010, the SRRs for the total population and Aboriginal populations were 0.52 and 0.57, respectively, with overlapping 95% CIs indicating differences were no longer significant (p = 0.76, 2-sided). Table 5 shows proportional changes in SRR between 1991 and 2010, for the total and Aboriginal populations, as well as males, females and youth (aged under 25 years). Decreases in SRRs were evident for both sexes and among youth, regardless of ethnicity, but with more substantial decreases occurring among the Aboriginal population. As outlined in our previous article reporting time trends for various injury categories [17] , total and Aboriginal populations respectively experienced 68.7% (annualized change of -5.9%, 95% CI: -6.2% to -5.6%) and 84.1% (annualized change of -9.2%, 95% CI: -10.6% to -7.9%) decreases in SRRs between 1991 and 2010. Aboriginal females experienced an 86.1% decline in SRR, compared to the 67.7% decline seen in females in the total population of BC (p = 0.001, 2-sided). Similarly, Aboriginal males experienced an 83.2% decline in SRR (annualized change of 8.9%, 95% CI: 10.6% to -7.3%) compared to 69.3% in males among the total population (annualized change of -6.0%, 95% CI: -6.4% to -5.7%). Youth in both the total and Aboriginal populations experienced the greatest declines, with drops of 84.4% (annualized change of -9.3%, 95% CI: -9.8% to -8.8%) and 91.1% (annualized change of -12.0%, 95% CI: -13.8% to -10.1%), respectively. This Ecological risk markers for unintentional transport injuries might indicate that the decreasing disparity might be due to greater improvements among older adults rather than youths. S1 Table shows that similar patterns of change over time occurred in almost all subsumed categories of unintentional transportation injury, though in most categories, the disparities of decline between the Aboriginal and total populations were not statistically significant, due to small numbers of events in the Aboriginal population. The exception was injury due to offroad motor vehicles, where there was no significant decline of incidence between 1991 and 2010, in either the Aboriginal or the total populations. Table 6 shows results from the preliminary regression models including all three population groups with one independent (X) variable, i.e., LnSRR = Bx + Constant. The regression coefficient (B) and the "RR Ratio per SD" describe the association between the X variable and transport injury risk in the total population. One SD change in the independent variable is associated with change in the SRR of injury by this factor. For example, one SD change in Income Per Capita is associated with change in SRR by a factor of 0.777 (a reduction, 95% CI = 0.693 to 0.870). P, the probability that R 2 is equal to zero, was less than 0.05 for all independent variables, except Census (as a proxy for the effect of time) and Labour Force participation. Table 7 includes the multiplicative interaction of Aboriginal ethnicity with one each of the variables in Table 6 , i.e., LnSRR = Bx•Ab + Constant, where Ab is the proportion of the population who are Aboriginal. This table describes the associations between each of the independent variables and transport injury risk in the Aboriginal population. Only the variable Urban was non-significantly associated with transport injury risk among the Aboriginal population.
Ecological analysis of predictors of risk
The significant variables from Tables 6 and 7 were included in multivariable analyses. Table 8 shows the best-fitting regression model with multiple independent variables remaining after stepwise addition and elimination of the candidate variables (in Table 6 ) and interaction terms (in Table 7 ):
where: Ab = proportion of population who are Aboriginal, x 1 = proportion of HSDA population residing in large urban centre, x 2 = average number of persons per room, x 3 = proportion of population, age 25+ years with at least a high school certificate, x 4 = proportion of population, age 25+ years, employed, x 5 = average number of persons per room, x 6 = proportion of population, age 25+ years, employed.
The best-fitting model was an excellent fit, explaining 91.2% of the variance in unintentional transport injury risk among population groups within HSDAs (R 2 = 0.912, p<0.001).
Higher proportion of urban residence, higher number of persons per room, higher proportion of the population with at least a high school certificate, and lower proportion of the population being employed decreased transport injury risk. Notably, for the Aboriginal population, lower number of persons per room and higher employment decreased transport injury risk. Table 9 shows the relative risk predicted by the best-fitting regression model (as seen in Table 8 ), and the risk-marker characteristics of the Aboriginal off-reserve and on-reserve populations (described in Methods). The direction of the relationships between the independent variables and transport injury risk is the same for off-and on-reserve Aboriginal populations, but of greater magnitude for the latter group.
This model predicts that the off-reserve and on-reserve Aboriginal populations will respectively have a transport injury risk 2.05 times and 2.46 times higher than the total population. These predicted values are higher than the observed SRRs as reported in Table 1 (1.77 and 2.00, respectively). However, the SRRs reported in Table 1 were adjusted for age, gender and HSDA. When adjusted for just age and gender, the SRR for off-reserve Aboriginal populations is 2.06 for the years around the first census period (1999-2003) and 1.90 for the years surrounding the second census period (2004) (2005) (2006) (2007) (2008) . The SRRs for on-reserve Aboriginal populations are 2.80 and 2.23, respectively. These SRRs are very close to the predicted values reported in Table 9 .
Discussion
Consistent with previous Canadian research examining transport injuries [16] , our research confirmed disparities in unintentional transport injury hospitalization rates between the 
Ecological risk markers for unintentional transport injuries
Aboriginal populations and the total populations of BC, regardless of age, gender or geography. The highest rate and largest disparities were evident for Aboriginal peoples living on reserve; and while males aged 20-29 experienced the highest rate of transport injuries, the greatest disparities were evident for females aged 30-39 years. Time trends indicate decreasing rates of transport injury for all of BC, but most pronounced for the Aboriginal population. A number of road safety measures were implemented in BC over the time frame included in our study that have contributed to reducing motor vehicle crashes: requiring daytime running lights on vehicles, graduated licensing program, changes to the Canadian Criminal Code to facilitate detection of impaired driving, and legislation requiring the use of child safety seats [33] . In addition, BC introduced more stringent impaired driving laws in 2010 that have contributed to significant decreases in motor vehicle crashes since our study period ended [34, 35] . Over and above these safety initiatives targeting the entire population, there is a need for culturally relevant interventions. Ishikawa et al.'s systematic review of interventions to promote child passenger safety in Aboriginal communities found strong evidence that multicomponent interventions that were community-driven, incorporated their views of health and were tailored to local circumstances and cultures had greater effect [36] . https://doi.org/10.1371/journal.pone.0191384.t006
Ecological risk markers for unintentional transport injuries We examined potential socio-economic, geographic and ethnicity-related mechanisms for the unintentional transport injury disparities. Each of the variables retained in the best-fitting multivariable regression model is considered in turn:
1. Proportion of the HSDA population residing in an urban area: Consistent with previous research, our findings indicate higher transport injury rates for rural populations [12] [13] [14] .
Reasons for greater risk in rural areas include roads designed with less safety features (e.g., guard rails, road markings, pedestrian and cycling infrastructure) and/or in poor condition (e.g., unpaved, limited maintenance and snow removal), high speeds, long distances traveled, and distance to emergency medical services [15, 37, 38] . In addition, rural drivers differ in their safety attitudes and behaviours, having lower risk perceptions, engaging in riskier behavior, and perceiving safety interventions as less useful than urban drivers [39] . Past research has also confirmed lower seat belt use among Aboriginal populations, particularly while on reserves [16, 40] . A much lower proportion of the Aboriginal population in BC lives in metropolitan areas (29%) than the total population (61%), and Aboriginal people living on-reserve are less likely than those off-reserve to reside in metropolitan areas (19% versus 38%) [19] . These residential patterns are reflected in the respective SRRs reported in Table 1 . The fact that this variable did not significantly interact with Aboriginal ethnicity, suggests that the increased SRR of transport injury experienced by Aboriginal populations is accounted for by the same risk factors that apply to any individual living in a rural landscape. As such, prevention strategies that target risk factors relevant to rural residents in general (e.g., engineering interventions, such as rumble strips, and median barriers; enforcement strategies, such as speed or driving while impaired checks [41] ), may also be effective in reducing transport injury rates among Aboriginal populations.
2. Population per room: Our findings indicate that increased population per room was associated with decreased risk of transport injury. In BC, the average population per room is low (0.48) [13, 20, 21] , thus it is possible that an increase in the population per room may be an indicator of family structure (e.g., adults with children and/or elderly relatives). One could speculate that the increased responsibility for vulnerable family members could be associated with greater care while driving. Previous research has found increased risk of transport injuries among single, divorced and widowed individuals [42] . 3. Proportion of the population with a high school certificate: Higher levels of high school education were associated with decreased risk of transport injury. This finding is consistent with previous research, which also showed that individuals with lower levels of educational attainment were more likely to drive while under the influence of alcohol and less likely to use seat belts [43] . Furthermore, individuals with higher educational attainment may be able to afford newer cars with better safety standards.
4. Proportion of the population employed: While it might seem paradoxical that an indicator of improved socioeconomic prosperity would be associated with greater risk of injury, it is possible that the inclusion of other socioeconomic indicators in our analyses has already accounted for this aspect in the total population. Thus, what is represented here might be more closely related to behaviours that are associated with increased risk of transport injury, such as commuting to work and/or participating in professions that require driving (e.g., truck driver).
Population per room (interaction with Aboriginal ethnicity):
In contrast to the finding for the total population described above, this relationship is in the opposite direction and of much greater magnitude. The average population per room among Aboriginal populations is 0.52 and 0.68 for off-reserve and on-reserve, respectively (in contrast to 0.48 for the total population) [13, 20, 21] . Because conditions for Aboriginal populations are more crowded than for the total population, an increase in this variable could be an indicator of worsening socioeconomic conditions and more pronounced disadvantage.
6. Proportion of the population employed (interaction with Aboriginal ethnicity): In contrast to our discussion above regarding the influence of employment on transport injury rates in the total population, improvement in the proportion employed in an Aboriginal community could indicate improving socioeconomic conditions that would decrease risk of injury.
To date, we have published a series of reports on Aboriginal injuries in BC stemming from our research project, Injury in British Columbia's Aboriginal Communities: Building Capacity while Developing Knowledge [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [17, [19] [20] [21] [22] . This report and others that we have published on specific injury causes have illuminated important patterns in time trends that bear highlighting for the insight they provide to the living conditions of Aboriginal people in BC, as well as the etiology and prevention of these injuries. We have seen that for some categories of injury, including transport injuries and falls, injury disparities are closing. In contrast for other categories, including iatrogenic and intentional injuries, they are not. Our ecological analyses indicate that this effect is due to the nature and effect of Aboriginal ethnicity [18, 19, 24, 26, 44] . The best-fitting multivariable regression models with falls or transport injury as the outcome have Aboriginal ethnicity as a multiplicative interaction with socioeconomic factors (for falls injuries, these factors were population per room and labour force participation) [24] . Therefore, if Aboriginal ethnicity remains constant and the socioeconomic disparity diminishes, then the model predicts that the injury disparity between the Aboriginal and total populations will diminish too: which is what was observed during the period 1991-2010. In short, to close the injury gap completely in the future, it would be sufficient to close the socioeconomic gap. For example, previous research on motor vehicle crashes in Aboriginal populations has indicated the importance of various factors relevant to the socioeconomic conditions of individuals: substance use (alcohol, drugs, medications), fatigue, driving older vehicle; as well as the socioeconomic conditions of the community: road surface, level of enforcement of safety laws, availability of safety devices (e.g., car seats), provision of driver education courses, and restricted availability of alcohol [16, [45] [46] [47] . More generally, our findings suggest that while efforts to improve educational attainment, housing conditions and employment rates for Aboriginal populations do not target injury prevention specifically, they would nonetheless be expected to have an important impact on reducing injury rates.
In contrast to the findings outlined above for transport or falls, with iatrogenic injury as the outcome (i.e., injuries resulting from medical treatment or therapy), Aboriginal ethnicity and socioeconomic descriptors are independent factors [26] . Therefore, if Aboriginal ethnicity remains constant and the socioeconomic disparities diminish, then these models predict that the injury disparity between the Aboriginal and total populations will diminish somewhat, but there will remain a persistent gap due to conflicting, or independent effects of Aboriginal ethnicity. This is consistent with the injury time trends. In short, to close the injury gap completely in the future, it would not be sufficient to close the socioeconomic gap. The nature and effect of Aboriginal ethnicity would also have to change. The history of Canada contains many examples of horrific attempts to modify or eliminate Aboriginal ethnicity and it should not be our aim to do so [48] . Rather, our aim should be to reduce the institutionalized racism that permeates Canadian society, such that Aboriginal ethnicity would be less of a disadvantage. The Truth and Reconciliation Commission of Canada recently released its final report with 94 recommendations to redress the colonial legacy of residential schools, many of which are directed at combatting endemic racism [49] .
We have outlined the strengths and limitations associated with the data and our methods in previous publications [21, 23, 25] . Our population-based study is novel, not only in its population-based method and identification of Aboriginal populations, but also in using the longform Census to obtain socioeconomic characteristics, and considering the independent effects of socioeconomic factors, geography and ethnicity on injury. While we could not link directly to the national Indian Status Registry, comparison with previous research by Vital Statistics Agency of BC suggests that our methods undercounted by about 11% [17, 31] . Because the undercounting applies to both the numerator (hospitalization counts) and the denominator (population counts), this should not bias our calculated rates of hospitalization among Aboriginal people. A further limitation of our study relates to our inability to account for other relevant variables that could confound the relationships described herein. For example, we were not able to examine the influence of alcohol and other substance use, access to healthcare or trauma centers, nor whether patterns reported herein vary by injury severity.
Conclusions
Our results indicate that significant gains have been made in reducing disparities associated with unintentional transport injuries between the Aboriginal and total populations of BC. However, Aboriginal people living on reserves and in non-metropolitan regions of the province continue to face disproportionately higher risks. There is a need to address the underlying socioeconomic disparities and endemic racism faced by Aboriginal populations, in addition to developing and implementing culturally sensitive and relevant transport injury prevention programs suited to the different geographic realities. Our findings support the BC Provincial Health Officer's recommendations outlined in the report on motor vehicle crashes, which encourage supporting the development of community-driven research and prevention programs [34] . 
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